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2Abstract
A series of dieneiron tricarbonyl complexes: 1,1'-bicyclopentenyl-
iron tricarbonyl (3), 3,3'-bi-indenyliron tricarbonyl (4), 3,3',4,4'-
tetrahydro-l,1'-binaphthyliron tricarbonyl (5) and 2,3:2',3'-dibenzo-
1,1'-bi(cyclohepta-2,7-dienyl)iron tricarbonyl (6) have been synthesized.
2,2'-Dimethyl-3,3'-bi-indenyl (81) failed to yield the corresponding
tricarbonyliron complex probably because of the steric hindrance due to
the presence of the methyl groups.
Treatments of the complexes (3) and (6) with aluminium trichloride
in benzene at room temperature gave no observable reactions only the
starting complexes were recovered. Under similar conditions, the complex
(5) yielded a hydrocarbon, for which two possible structures, 1,2,3,7,8,6b-
hexahydro-benzo[j]fluoroanthene (87) or 1,2,3,7,8, 12c-hexahydro-benzo-
[j]f luoroanthene (88) were proposed. This hydrocarbon was also obtained
by treatment of 3,3',4,4'-tetrahydro-1,1'-binaphthyl (64) with aluminium
trichloride under similar conditions. The complex (4) reacted with
aluminium trichloride in benzene at room temperature to afford anthracene
in ca. 55% yield while similar treatment of the corresponding diene
3,3'-bi-indenyl (20) did not give anthracene. Reaction of the complex
(6) with aluminium trichloride under reflux in benzene gave rise to a
pale yellow solid whose structure was undetermined because of lack of
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1Introduction
Dieneiron tricarbonyl complex was first observed by Reihlen and
co-workers1 in 1931 they obtained butadieneiron tricarbonyl by reacting
butadiene with iron pentacarbonyl. Since then, a large number of compounds
have been isolated in which an olefin or some other unsaturated hydrocarbon
species are bonded to an iron carbonyl residue. In recent years, much
research activities have been involved in this area of chemistry with
either iron or other transition metals. Emphasis has turned to developing
new methods of organic syntheses via organometallic material and
intermediates, and fruitful results have been obtained.
The undertaking of the investigation described in this thesis
originated from the interesting discovery by J. Lewis and co-workers2
who prepared cyclic ketones (2) from dieneiron tricarbonyl complexes (1)
in the presence of aluminium trichloride.
R R
Aid 3 0Fe (CO) 3
(1) (2)
In our work, we aimed to prepare a series of dieneiron tricarbonyl
complexes: 1,1'-bicyclopenteny'Liron tricarbonyl (3), 3,3'-bi-indenyliron
tricarbonyl (4), 3,3',4,4'-tetrahydro-1,1'-binaphthyliron tricarbonyl (5)
and 2,3:2',3'-dibenzo-1,l'-bi(cyclohepta-2,7-dienyl)iron tricarbonyl (6)
and study their reactions with aluminium trichloride. In order to
determine the effects of the presence of methyl groups, preparation of
2
2,2'-dimethyl-3,3'-bi-indenyliron tricarbonyl (7) has also been attempted.






The preparations of these complexes follow the general route as
described; the corresponding cyclic ketones were used as the starting material,
namely: cyclopentanone (8), 1-indanone (9), 1-tetralone (10),








Bimolecular reduction of these ketones produced the corresponding diols
which would afford dienes upon dehydration. Dienes when reacted with iron
pentacarbonyl or diiron enneacarbonyl gave the desired dieneiron
tricarbonyl complexes. These steps are illustrated in the following








Bonding involved in the dieneiron tricarbonyl structural unit is
briefly discussed from the spectroscopic data.
4Historical Review
In this section discussion is limited to three aspects: (I) bimolecular
reduction of ketones and dehydration, (II) bonding nature of dieneiron
tricarbonyl, and (III) reactions of tricarbonyliron complexes in the
presence of aluminium trichloride.
(I) Bimolecular Reduction of Ketones and Dehydration
The reaction of ketones with metals, such as magnesium amalgam or
aluminium amalgam leads to the production of ion pairs from the metal
cation and the anion radicals which combine to form the salts of pinacolates
the oxygen-metal bonds are either covalent or are tight ion pairs and the
electrostatic repulsion which would impede dimerization of free anion












Dienes are usually obtained by dehydration of diols effected by
boiling in an acidic medium. However, basic medium should be employed
if rearrangements occur udder acidic conditions.
In 1940, M.S. Newman3 reported a good method for effecting pinacol
reduction which made possible the overall conversion of 7-methyl-l-













involved the addition of a small amount of mercuric chloride to a
benzene-absolute ethanol solution of the ketone containing freshly
scratched aluminium foil. On heating, a vigorous reaction ensued and after
refluxing for several hours, the aluminium foil was dissolved entirely.
The pinacol fraction of the products thus formed was dehydrated by boiling
with acetic acid which gave the diene as the product.
Pinacol reduction of cyclopentanone (8) has been carried out in
benzene by amalgamated aluminium in about 30% yield4. Schreibmann5
suggested that the yield could be raised to 40% if aluminium foil was used
instead of aluminium dust and dichloromethane was employed as solvent.
Acidic dehydration of the thus formed l,l'-bicyclopentyl-l,l'-diol (16)
led to pinacol-pinacolone rearrangement, giving rise to a spiroketone (17)
as the major product. The successful dehydration6 of the diol (16) to
give the diene (18) was achieved by using phosphorus oxychloride in















Newman's procedure for the reduction of 7-methyl-l-tetralone (14)
was found suitable for the preparation of dienes deriving from 1-tetralone
(10) 7 and benzosuberone (11)8 but this procedure could not be used for
he reduction of 1-indanone (9) as noted by Bell and Waring9. However,
when the Newman's procedure was modified by decomposition of the excess
of aluminium with Rochelle salt under neutral conditions, the corresponding





In another paper bimolecular reduction of a series of benzo-
cycloalkanones (21) were studied by Ourisson and co-workers. These
ketones were bimolecularly reduced by aluminium amalgam in ether, by
electrolysis at cathode, by amalgamated magnesium in pyridine and by
lithium in anhydrous ether. They obtained the corresponding diols (22)
in d,l and meso forms in variant proportions their results will be







Acidic treatment of the diols (22) resulted in products of
dehydration and rearrangement (23), (24), (25) and (26) togather with other
minor productsll. These results will also be given in the next section











(II) Bonding Nature of Dieneiron Tricarbonyl
From the X-ray data12 obtained for butadieneiron tricarbonyl by Mills
and Robinson, it is clear that butadiene appears in cisoid and co-planar
conformations. The iron atom lies below the plane of the diene and is
approximately equidistant (2.1 + 0.04 A) from these four carbons. The
bond angles are 118° for C 1-C 2-C 3, and approximately 70° for Fe-C 1-C 2.
However, the nature of the diene iron bonding is still not well understood
two extreme formal representations (A) and (B) remain as a basis of
controversy. While (A) depicts a bonds to C1 and C4 coupled with a
mono-olefin-metal interaction to C2 and C3, (B) implies that there are




Representation (A) which was introduced by Wilkinson and co-workers13
was supported by nmr data. Two clearly different types of protons were
observed in the nmr spectrum of butadieneiron tricarbonyl. Four protons
appeared in the aliphatic region while the remaining two protons appeared
at lower field nearer the region of normal olefinic hydrogens. But in
cyclo-octatetraeneiron tricarbonyl the nmr data 14 indicated only one type
of hydrogen present. T.A. Manuel15 prepared several l,l'-bicycloalkenyliron
tricarbonyl complexes and their nmr spectra were interpreted in favour of
representation (A). In another nmr studies, Retcofsky and co-workers16
measured the 13C-H coupling constants in the case of C 4 H 6 Fe(CO) 3 where
the C-C distances are about equal and found that the C-C and C-H bonds
remained to be formed with ,carbon sp2 hybrid orbitals.
From X-ray studies, Smith and Dahl17 showed that in the complex
of 2,4,6-triphenyltroponeiron tricarbonyl the Fe(CO)3 group was attached
to a diene unit. One of the terminal carbon '•:as found not to lie in the
plane of the three other atoms, but was displaced from this plane by
approximately 1.22 A. This was almost one half the distance it would be
displaced if this carbon was a normal sp3 hybridized carbon atom. On the
basis of these results, Smith and Dahl proposed that the bonding
9
representation (A) was preferred with some contribution provided by
representation (B) to the actual electronic state of the molecule.
But from another set of X-ray data, the terminal carbon-adjacent carbon
engths in (CO)3 FeC8H8Fe(CO)318, C8H8Fe(CO)318 and C25H OFe(CO)317 were
nearer to those expected in the case of sp2 hybridized carbon rather than
those of an spa hybridized carbon. This would seem more to support
representation (B). The X-ray data12 for butadieneiron tricarbonyl
obviously furnished support for representation (B).
From the consideration of the bond lengths of the C-C bond in the
diene unit, a long-short-long pattern is indicative of representation (A)
while a short-long-short pattern is indicative of (B). Actually no
dieneiron tricarbonyl complex with a pronounced short-long-short pattern
has been observed with precision and the variation lies between
approximately equal bond lengths for all three bonds and the long-short-
long pattern. However, Cotton and Wilkinson 19 pointed out that this did
not indicate the dieneiron tricarbonyl complexes possessed the representation
(A). This was explained in the following way: When a butadiene unit
was bonded to a metal atom, back donation of the metal electron density to
the lowest antibonding orbital of the butadiene had the same effect on
then-bonding, and hence on the C-C bond lengths of the butadiene unit,
similar to the promotion of the free butadiene molecule from its ground
configuration to the first excited configuration. Based on Huckel calculations,
the. bond lengths-for butadiene in its first excited state is long-short-
long. They were of the opinion that the bondings between the diene ligand
and the metal atom favour two n -type interactions rather than two u-type
and one n -type interactions.
10
Since the detailed nature of the electronic distribution in the
dieneiron tricarbonyl structure remains unclear, we shall adopt the





(III) Reactions of Some Dieneiron Tricarbonyl Complexes in the Presence
of Aluminium Trichloride
As a Lewis acid, aluminium trichloride is well-known for the use
in the Friedel-Crafts reactions. Butadieneiron tricarbonyl compounds
underwent facile Friedel-Crafts acylation to give cis- and trans-dienone-
iron tricarbonyl compounds20 (28) and (29). Acetylation of butadieneiron
tricarbonyl (27) was shown to proceed via the isolable ionic intermediate
(30). However, the extent of electrophilic attack at terminal carbon was
reduced severely by substitution at this carbon. This was believed to be
attributed by steric hindrance. Thus, neither compound (31) nor (32)





.oFe FeCH3 ((CO) % CO)33 (CO) 3(CO) 3







J. Lewis and his co-workers21 demonstrated that acetylation of cyclo-
octatetraeneiron tricarbonyl (33) under the usual Friedel-Crafts
conditions gave rise to two complexes: the cationic bicyclic derivative





(33) Fe (CO) 3
(35)(34)
two complexes appeared to be dependent on the amount of anhydrous aluminium
trichloride used in the reactions. In the reaction employing acetylium
tetrafluoroborate as the electrophile, the only product obtained was the
salt (34). This effect of the aluminium trichloride concentration
on the course of the reaction has also been observed in similar reactions 22
of cycloheptatrieneiron tricarbonyl (36) wich MeCOCl-AlC3 which were
known to produce both the cation [(c7H8coMe)Fe(cO)3+ (37) and the
neutral acetvl derivative (C7H7COMe)Fe(CO)3 (38).
LOCH. COCH3
CH 'I COC1, A1_C13
Fe (CO) 3
FeFe
(36) (CO) 3 (CO) 3
(37)(38)
Recently, J. Lewis and his co-workers22 have successfully, prepared
some cyclic ketones using tricarbonyliron complexes in the presence of
aluminium trichloride. The reaction of cyclo-octatetraeneiron tricarbonyl
(39) R=H) with aluminium trichloride in benzene at 100C in a nitrogen
12
atmosphere gave (2-4-n,8-a-9-oxobicyclo [3.2.2] nova-2,6-dien-8-yl)iron
tricarbonyl (40, R=H). Reaction of methylcyclo-octatetraeneiron
tricarbonyl (39, R=CH3) under the same conditions gave the corresponding







A possible mechanism for the formation of (40) from (39) was
















This reaction involved formal addition of one molecule of carbon
monoxide, but the yield was not increased under the atmosphere of carbon
monoxide.
When cyclo-octatrieneiron tricarbonyl (41) was treated with









Reaction of (1- o,4-6-n)-cyclo-octenediyl)iron tricarbonyl (43)
with aluminium trichloride gave two major products 24: bicyclic ketone (44)









The reaction23 of norbornadieneiron tricarbonyl (46) with aluminium













In another paper, the synthesis of cyclopentenones via
dieneiron tricarbonyl complexes has been reported. Reaction of
quinodimethane complex (49) with aluminium trichloride gave the stable
product 2-indanone (50) in 48% yield. The quinodimethane complex behaved
as a normal aromatic compound and not as a diene. It reacted very
readily with acetyl chloride at 0°C to give a high yield of the complex (51)
which could be converted into compound (52) by further addition of aluminium
trichloride. However, reaction of butadieneiron tricarbonyl (27) with
14
aluminium trichloride gave only a low yield (5%) of a mixture of 2- and






















Reaction of the isoindene complex (53) with aluminium trichlorice
gave the tricarbonyliron complex (54)2. The expected bicyclic ketone
(55) was not isolated.
AlCl3 0
Fe (CO) 3
0 Ere (CO) 3
(54) (55)(53)
15
The above reactions illustrated that carbon monoxide insertion
occurred in the reactions of dieneiron tricarbonyl complexes. However,
it has also been demonstrated23 that tricarbonyliron complexes of
cyclohexa-l,3-diene, cycloheptatriene and cyclo-octa-l,5-diene did not
give CO insertion products under similar reaction conditions.
16
Results and Discussions
For the work described in this thesis, a series of dieneiron
tricarbonyl complexes have been prepared and their reactions with
aluminium trichloride studied.Thus, this section is presented
in three parts.
(I) Preparation of Dienes
1,1'-Bicyclopentenyl (18) was prepared according to Scheme I.
Bimolecular reduction4 of cyclopentanone with amalgamated aluminium dust
in benzene gave 1,1'-bicyclopentanyl-1,1'-diol (16) in about 30% yield.
Although Schreibmann5 reported that the yield could be raised to'40% when












however, in our laboratory, the diol (16) was obtained only
in low yield (10-20%) when the suggested method was followed. Pinacol
reduction of cyclopentanone according to Newman's procedure3 did not give
the expected diol (16). Dehydration of diol (16) to diene (18) was effected



















In Scheme II, 1-indanone (9) was preparedly by hydrochlorination of
indene (56) followed by oxidation with chromic anhydride. Bimolecular
reduction of 1-indanone according to Newman's procedure was attempted by
Bell and Waring9 who obtained only an orange complex material which
could not be crystallized from any of the usual solvents. However, in
our laboratory, we used Newman's procedure without modification to treat
the ketone (9) and indeed we isolated the expected diol (19) in 32% yield,
mp 160-161°C; it is the d,l form according to that reported10 by Ourisson
and co-workers. The meso form of the diol (19), mp 127°C, has not been
isolated. Dehydration of the diol (19) to give the diene (20) was effected
by boiling in acetic acid and-acetic anhydride in 48% yield. The yield
was, however, lowered than that reported by Altman and Ginsburg8 this
might be due to its high solubility in acetic acid and acetic anhydride
from which the diene (20) was crystallized. Ourisson and co-workers26
treated the diol (19) with acetic anhydride and a little amount of sulphuric
acid, and they obtained a mixture of 4%.(l-indanylidene)-1-indene (58),
18
38% (2-oxotetraline)-1-spiro-l'-indane (59), 47% (1-oxotetraline)-2-
spiro-1'-indane (60). In some occasions the diene (20) was also isolated







In Scheme III 1-tetralone (10) was prepared according to the
























B-benzoylpropionic acid (61) and (iii) cyclization of Y-phenylbutyric
acid27,28,29. Bimolecular reduction of l-tetralone (10) with amalgamated
aluminium foil in ethanol and benzene produced the expected diol (63).
Dehydration of the thus formed diol (63) was effected by boiling in
acetic acid and acetic anhydride to give 3,3',4,4'-tetrahydro-l,l'-
binaphthyl (64) 7 in high overall yield (73%).
Ourisson and co-workers 11 treated the diol (63) with acetic acid
and acetic anhydride they obtained 9% (65), 10% (66) and 28% (67) in
addition to 42% diene (64). However, in our laboratory, similar treatment
of the diol (63) afforded no rearrangement products (65), (66) and (67).
0 0
(67)(66)(65)
Benzosuberone (11) was obtained according to the method30 of
Somerville and co-workers using cinnamaldehyde and malonic acid as starting
















The reported procedures of reduction of cinnamylidenemalonic acid (69)
with Raney nickel followed by decarboxylation is decidedly the preferred
method for large scale preparation of g-phenylvaleric acid (71). The
overall yield was about 50%. g-Phenylvaleric acid (71) was cyclized








Newman's procedure was found to be suitable for bimolecular reduction
of benzosuberone (11). Two stereoisomers of diol (72A) and (72B) were
isolated one with mp 220°C and the other mp 137°C. The yields were
30% and 35% respectively.
Altman and Ginsburg8 reported the isolation of one diol from
benzosuberone (11) in 40% yield whose mp was recorded at 214°C.
It may be of interest to compare our results of the bimolecular
reduction of benzocycloalkanones with those obtained by Ourisson10 and
Ginsburg7,8. These results are listed in Table 1.
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Table 1. Bimolecular Reduction of Benzocycloalkanones
Method of Corresponding diols obtained
Substrate
reduction* in d,1 form in meso form
yield (mpC) yield (mp'C)
A Present study32% (160-161)
8
A' By Ginsburg38% (152-154)
0 B 30% (159) 20% (127) 10
By Ourisson'
C(9) 160% (159)
A Present studyca. 70% (191-2)
B 20% (192) 15% (122)
10
CO By Ourisson170% (192)
D(lo) 160% (192) 20% (122)
A Present study30% (219-220) 35% (136-7)
8
A By Ginsburg40% (214)
C 60% (221) 5% (138) 10
By Ourisson
D(11) 25% (221) 45% (138)
Method of reduction:
A: Aluminium foil- HgCl2 in EtOH/HO (Newman's method).
A:Newman's method modified with Rochelle salt.
B: Aluminium amalgam in ether.
C: Mg- HgC2) in pyridine.
D Li in anhydrous ether.
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Ourisson and co-workers10 proposed that the stereochemistry of
1,1'-bi-indanyl-l,l'-diol (19A),mp 159°C was in d,l form this was
confirmed by an independent synthesis via an unambiguous route. They also
suggested that since the diol (63A), mp 192°C, and the diol (72A) mp 221°C,
were obtained stereoselectively in the same manner as the diol (19A) in
d,l form, these diols might as well exist in d,1 forms. On the other
hand, the stereoisomers: the diol (19B), mp 127°C, diol (63B),mp 122°C,
and the diol (72B), mp 138°C were assigned as the meso forms. The
varying proportions of the stereoisomeric diols were explained 10 by the
mechanism of formation. The duplication of the ketonyl radicals
determined the configuration of the final product. The duplication was
reversible and the nature of the pinacolate formed was therefore certainly
governed by thermodynamic control. The two possible pinacolates under
two extreme configurations for each trdnsoid and cisoid in the case of
1-indanone is shown in Figure 1.










In the case of the reduction by magnesium, the pinacolate formed
was in cyclic monomeric form. They were evidently the racemic pinacolh
in the cisoid form because of the least steric hindrance due to the twc
aromatic kernels. The formation of the d,1 pinacol must therefore be
preferred. In the case of reduction by lithium, the variation in the
ratio of isomeric pinacols thus obtained was ascribed to the repulsion
of the important partial charge on the oxygen the meso form under the
transoid configuration was assumed to be favoured. The reduction by
amalgamated aluminium presented comparable characteristics of steric
effect and charge repulsion.
In our work the product of bimolecular reduction with amalgamated
aluminium in ethanol and benzene were comparable to the results as
those of reduction by amalgamated magnesium. For example, bimolecular
reduction of 1-indanone and 1-tetralone only gave the corresponding racemic
diols. This might be explained in the way similar to the reduction by
amalgamated magnesium in ether as explained by Ourisson and co-workers 10
The diketonyl radicals deriving from 1-indanone and 1-tetralone formed
a monocyclic icn pair with aluminium. The racemic pinacolate thus
produced in cisoid conformation would be most stable in those four possible
forms (cf. Fig. 1) due to the least steric hindrance of the two aromatic
rings. Therefore the d,l isomer of the diol was favoured and this was
indeed the case. However, in the case of benzosuberone (11), the
yields of the d,l and meso diols were comparable. This might be explained
in the following way: Judging from molecular. models, it is evident that
steric effect due to the cycloheptane ring becomes significant in the
24
diketonyl-metal ion pair. In the racemic isomer of pinacolate under
cisoid conformation,*steric hindrance is also operative between the
cycloheptane ring and the aromatic ring of the other part of the molecule.
On the other hand, in the meso form of the pinacolate under cisoid
conformation, the steric hindrance due to the aromatic rings was not
prominent. In conclusion, the difference in steric hindrance between the
racemic and meso isomers of the pinacolate deriving from benzosuberone
is small when compared with those in the case for pinacolates deriving
from 1-indanone and 1-tetralone.
Bimolecular reduction of 1-indanone and 1-tetralone with amalgamated
aluminium in ether yielded both racemic and meso diols Ourisson and
co-workers 10 ascribed this to the combined effect of steric hindrance as
discussed above and the repulsion due to the partial charge cited on
the oxygen. The former effect favoured racemic form while the latter
favoured meso form under transoid conformation. Our result revealed that
similar reduction in ethanol/benzene (3:2) afforded only racemic isomer
of the diol. It is obvious that the solvent played an important role on
the nature of the diol thus formed. The sol-.*ent mixture of ethanol and
benzene is protic while ether is aprotic in protic solvents, hydrogen
bonding with the oxygen of the pinacolate will remove the partial negative
charge on the oxygen thus the charge repulsion between the two oxygen




Although Ginsburg and co-workers reported that dehydration of
diol (72) to yield the corresponding diene (73) could be effected by treatment
of acetic acid and acetic anhydride, in our laboratory, however, the
diol (72) was converted to 4-oxo-l,2-benzocyclo-octene-3-spiro-3'-
(1',2'-benzocycloheptene)(74) (11%) and 1,l'-bi(2,3-benzocycloheptenylidene)
oxide (75) (11%) under similar conditions. The spiroketone (74) had been
reported by Ourisson and co-workers11 who treated the diol (72) with
2,4-dinitrobenzene sulphonic acid in m-cresol to obtain the spiroketone
(74) and a compound (76).
0
(77)(76)(73)
The it spectrum of (74) showed a strong carbonyl absorption at 1703 cm-l
the high frequency suggested the absence of a conjugated carbonyl group
which ruled out the possible alternative structure of a conjugated







Its uv spectrum showed no absorption around wavelength of 250 nm this
again indicates the absence of the aromatic carbonyl group.
The assigned structure for compound (75) can readily be established
from its spectral data and elemental microanalysis. Elemental analysis
suggested a molecular formula of C22H240 its it spectrum revealed no
absorption in the region of hydroxyl group (around 3500 cm- and
carbonyl group (around 1700 cm-1) its nmr spectrum showed eight aromatic
protons and sixteen methylenic protons. The aromatic protons appeared
as multiplets centered at b 7.00 and 6 7.40 with intensities in the ratio
of three to one. The pattern of the absorption signals of the aromatic
protons more or less suggested that the two aromatic rings are under the
similar chemical environment. Its mass spectrum has, in addition to the
molecular ion at m/e 304, prominent peaks at m/e 160 and 144 the






Examination of molecular models for the epoxide (75) suggested that
the compound should exist in racemic form the steric hindrance due to
the proximity of the two aromatic rings is prominent if the epoxide is
27
in the meso form. Furthermore, the downfield shift and the separation
of two aromatic protons can be explained by the neighbourhood of the
aromatic protons to the cycloheptane ring of the molecule. These protons
are deshielded by the van der Waals repulsion.
The formation of the epoxide (75) was mechanistically reasonable.
Nucleophilic attack on the tertiary carbonium ion of the intermediate










Dehydration of diol (72) to 2,3:2',3'-dibenzo-1.,l'-bi(cyclohepta-
2,7-dienyl) (73) was effected by treatment with phosphorus oxychloride






2-Methyl-l-indanone (12) was prepared according to the method


















of paraformaldehyde with propiophenone in methanol with potassium
carbonate as catalyst yielded 2-benzoylpropanol (78) and 2-benzoylpropene
(79) as indicated by the nmr spectra. When the pure alcohol (78) was
stirred in concentrated sulphuric acid for two hours as reported by
Plattner and Wyss32, the resulting oil was 2-benzoylpropene (79) rather
than the expected product (12) as revealed by its nmr spectrum. But (79)
could be converted into 2-methyl-1-indanone (12) by further stirring in
concentrated sulphuric acid for two days. Therefore, on prolonged
stirring of the mixture of (78) and (79) in concentrated sulphuric acid
for two days, pure 2-methyl-l-indanone (12) was obcained.
Bimolecular reduction of 2-methyl-l-indanone (12) with Newman's
procedure yielded a mixture of 2,2'-dimethyl-1,1'-bi-indanyl-1,1'-diol
(80) and 2,2'-di.methyl-3,3'-bi-indenyl (81) in poor yields (4.0% and 1.6%,
29
respectively). When the reaction mixture was boiled for one hour after.
hydrolysis by the addition of dilute hydrochloric acid, only diene (81)
was isolated, again in poor yield (8.0%). A longer period of the reduction
gave similar results. The major portion of the reaction mixture was a
yellow jelly, which was believed to be the polymeric material, and about
15% of the starting ketone (12) was recovered from column chromatography.
CH3
O











(1) Al foil, HgC12
(2)Boiling for l hr
after addition of dil. HCl
(81)only
The poor yields (ca. 6%) of the diol (80) and the diene (81) in
the reduction was attributed to the great steric repulsion due to the
methyl groups and the cyclic ion pair formed by the metal and diketonyl
radical. The ease of dehydration of the diol (80) to give the diene (81)
in mild conditions was also readily understood if the steric hindrance
between the hydroxyl group and methyl group of the diol (80) was taken
into consideration. The electron-donating methyl groups also facilitate
the removal of molecules of water and the formation of carbonium ion.
Furthermore, the resulting diene (81) in trans form will release the
steric repulsion in the diol; and the methyl substituted double bond is
comparatively more stable.
30
The diol (80) showed, in its it spectrum, a strong absorption at
3550 cm-1 (doublet)'due to hydroxylic stretching. Its nmr spectrum
showed the absorption of two exchangeable hydroxylic protons at g 2.55,
a doublet at g 0.65 due to six methyl protons, a quartet centered at
g 2.95 due to two aliphatic protons and a multiplet centered at g 2.40
due to four methylenic protons; the absorption of aromatic protons
appeared as two multiplets centered at g 7.20 (6H) and g 7.70 (2H).
The most downfield aromatic protons were those adjacent to the hydroxyl
group they were deshielded by the hydroxyl group at the other half
of the molecule. Its mass spectrum showed an extremely weak molecular
ion peak at m/e 294 which is characteristic of alcohol compounds. The
other expected peaks at m/e 277 (M+- 011), 260 (M+- 20H) and 147 (2M+)
were also observed.
The diene (81) showed in its mass spectrum the molecular ion at
m/e 258. Its it spectrum indicated the absorption of conjugated C=C
stretching at 1620 cm-1. Its uv spectrum showed an absorption maximum
at wavelength 260 nm (E:2.44x104) indicating the presence of conjugated
double bonds. Its nmr spectrum showed a si.iglet at g 2.00 due to six
methyl protons, a singlet at g 3.40 due to four methylenic protons.
The absorption of aromatic protons again are revealed as two multiplets
centered at g 7.00 (6H) and g 7.30 (2H). The most deshielded protons
were assigned to H' as shown in the figure below they were deshielded






As outlined in Scheme VI, 2-methyl-l-tetralone (13) was prepared
by a route similar to the preparation of 1-tetralone using methylsuccinic


























When 2-methyl-l-tetralone (13) was bimolecularly reduced in the
same way as 1-tetralone, a very viscous jelly was obtained the desired
diol (84) was not isolated. Upon addition of acetic acid and acetic
anhydride and boiling the mixture for 4 hr, again a viscous jelly was
obtained. Column chromatography of the reaction residue gave a very
viscous jelly together with the starting material (13) (15%); the jelly
was believed to be polymeric material.
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Bimolecular reduction of 1-tetralone followed by dehydration afforded
the diene (64) in high yield while similar treatment of 2-methyl-l-
tetralone did not yield the corresponding diol (84) and/or diene (85).
This suggested that steric hindrance of the methyl groups might prevent
the formation of the cyclic ion pair formed by the metal and diketonyl
radical as the reaction intermediate.
(II) Preparation of Dieneiron Tricarbonyl Complexes and Their Spectroscopic
Properties
The dieneiron tricarbonyl complexes were prepared by direct treatment
of dienes with diiron enneacarbonyl in cyclohexane, or with iron penta-
carbonyl in di-n-butyl ether under an atmosphere of nitrogen. Thus, the
complexes: 1,1'-b ipentenyliron tricarbonyl (3), 3,3'-bi-indenyliron
tricarbonyl (4), 3,3',4,4'-tetrahydro-l,1'-binaphthyliron tricarbonyl
(5) and 2,3:2',3'-dibenzo-1,1'-bi(cyclohepta-2,7-dienyl)iron tricarbonyl
(6) were obtained from 1,1'-bipentenyl (18), 3,3'-bi-indenyl (20),
3,3',4,4'-tetrahydro-l,l'-binaphthyl (64) and 2,3:2',3'-dibenzo-1,1'-bi-
(cyclohepta-2,7-dienyl) (73), respectively however, 2,.2'-dimethyl-3,3'-
bi-indenyl (81) did not give the corresponding tricarbonyliron complex
(7). The yields of these complexes were listed in Table 2.
In general, the reaction of diene with diiron enneacarbonyl gave
low yield of the complex this might be attributed to the poor solubility
of diiron enneacarbonyl in organic solvents. For the case of dienes (18)
and (73), the yields of complexes were higher in reaction with iron
pentacarbonyl than with diiron enneacarbonyl. But for the case of
diene (64) the yields of the complex by these two methods were comparable.
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Table 2 Preparation of Tricarbonvliron Complexes
amount ofYield% of




34%27.5%A 195 (dec.) 18.2%C18H14 (20)
63%25.9%A 162-3 9.5%C20H18 (64)
72.5%35.9%'B 162-3 9.9%
1.6% 4.2% 60%242 (dec.)AC22H22 (73)
242 (dec.) 81.65%B
no complex isolated 75%AC20H18 (81)
80%no complex isolatedB
Yield calculated based on unrecovered starting diene.
Method: A, with Fe,, (CO),, in cyclohexane
B, with Fe(CO) r in di-n-butyl ether
B;with Fe(CO)S in ethylcyclohexane, reported by T.A. Maneul15
Studies of the molecular models for complexes (4), (5) and (6) revealed
that steric repulsion in (5) was greatest among the three complexes a
slight twist in diene unit was required so as to avoid the repulsion
between two aromatic rings the prominent s-Leric hindrance in complex (5)
may explain the reason why lower yield of (5) was obtained when compared
with complexes (4) and (6). As for the methyl-substituted diene (81),
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repulsion between methyl groups were so great that the diene could no
longer exist in cisoid form thus no corresponding tricarbonyliron complex
was isolated under similar treatments.
The mass spectra of the complexes (3),(4),(5) and (6) were
haracterized by the consecutive loss of carbon monoxide from their
molecular ions. The base peaks were dieneiron ions (M+- 3C0). Since
iron has an isotope with isotopic weight of 54 in 5.8% abundance, the
peaks due to the organoiron were characterized by the presence of a weak
peak short of two mass units. Further loss of the iron atom resulted
ions corresponding to the parent organic molecules.
A prominent peak corresponding to half of the dibenzocycloalkene
moiety could be observed this might suggest that the two 7r-bonding of
the diene was preserved upon coordination to the tricarbonyliron group.
It was the single bond between the central carbons of the diene unit
which was easily ruptured in the mass spectrometric fragmentation.
In the mass spectrum of (4), a moderately intense ion at m/e 258
was of considerable interest it corresponds to the parent organic
compound (molecular ion (m/e 230)) together with one molecule of carbon
monoxide. If this were the case, the migration of a CO group from the
metal to the ligand might have occurred. The migration of CO group from
the lighter to the heavier metal in heteronuclear carbonyls had been
observed by J. Lewis and co-workers33 although there was no CO transfer
in homonuclear metal carbonyls. In contrast, comparable peaks were not
observed in the-mass spectra of complexes (3), (5) and (6). In the mass
spectrum of (5) a weak ion was observed at m/e 284 (parent organic
molecular ion plus 26 mass units).
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In the mass spectrum of complex (5), the organoiron (M+ -3C0)
readily lost hydrogens as neutral fragments this loss led to aromatic
(6odd electron ion containing iron atom. These peaks were about
two-third in abundance as the base peak. Dehydrogenation might be indicated












Dehydrogenation leading to aromatic system had been observed in
1,1'-bicyclohexenyliron tricarbonyl (84) by Dauben and co-worker34.
Similar dehydrogenation was not observed in the case for complexes (4)
and (6). This was because the ring size of the cycloalkenes was not





In the mass spectrum of complex (3), prominent ions appeared at
m/e 188, 186, and 184 with intensities comparable to the base peak
corresponding to the organoiron ion (M+- 3C0) at m/e 190. These peaks












In their it spectra the complexes (3), (4), (5)and (6) showed
the characteristic stretching frequencies of the terminal carbonyl groups.
There appeared to be two regions of carbonyl absorptions: a narrow intense
band at about 2040 cm-1 and a braod band which was resolvable into two
maxima at about 1980 and 1965 cm-1. They are listed in Table 3 and shown
in Fig. 2.
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Despite a slower rate of natural increase during the past
decade, Hong Kong's population still expanded by a significant margin
due to an influx of immigrants from Mainland China. Between 1961 and
1966, total population grew by 461,800 of which 18,200 or 3.9 percent
was attributable to net immigration. However, between 1971 and 1976,
total population increased by a smaller number of 398,500 and the
contribution of net immigration rose to 101,900 or 25.6 percent. The
impact of immigration increased significantly in 1978 and 1979
largely due to arrivals from Vietnam and China. Notwithstanding such
changes in the immigration factor, the proportion of local borns rose
from 47.7 percent in 1961 to 58.8 percent in 1976. The effect of
these demographic factors is reflected in growth rates of population
shown in Table 6.
TABLE 6
SIZE AND GROWTH RATES OF POPULATION,
LABOUR FORCE AND EMPLOYMENT
Population Labour force Employment
Period
Growth Growth Growth
Size* rate Size rate Size* rate
(% p.a.)(% P.a.) (% p.a.)
1961 3.2 1.2 1.2
1961-66 3.6 2.8 1.5 1.43.7 3.3
1966-71 4.0 2.2 1.7 2.6 1.6 2.5
1971-76 4.4 1.9 1.9 3.3 1.8 3.0
1971-78 4.6 I.9 2.0 2.7 1.9 2.9
1961-78 4.6 2.2 2.0 3.0 1.9 2.9
Source: Report of the Advisory Committee on Diversification
(1979), p.24.
*Figures are in millions and relate to the last year of the
periods specified.
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Table 3. Infrared Spectra for the Stretching Frequencies of
Terminal Carbonvl Groups in Complexes (3),(4),(5) and (6)
Centers of carbonyl absorption bands (cm-1)
Compound
Broad bandNarrow band
1970, 195620 35C10H8Fe(CO)3 (3)
19802040C18H14Fe(CO)3 (4)
1980, 19662040920H18F°) 6 (s)
1988, 19802044(6)C22H22Fe(CO) 3
Resolution of this band was not observed.
The ultraviolet spectra of the complexes and their parent dienes
are summarized in Table 4. The complexes (4), (5) and (6) exhibited
similar absorptions as the parent dienes. The absorption maxima around
256 nm in free dienes could be due to 7r.47 transition (K band) of
*
benzene attached to an unsaturated bond comparable to styrene (Tr--j n
(K band):. max 244 nm, E:1.2x104). Upon coordination to tricarbonyliron
group, there was a hyperchromic change in intensity in this absorption band.
Since there were no significant changes on the pattern of the
absorption maxima of the complexes and of the parent dienes, it might
be appropriate to assume that the electron distribution in the dienes and
in the complexes were similar. Thus representation (5B) of bonding
structure in complex (5) seemed more appropriate. If the representation
(5A) were the true nature, the absorption of the complex should resemble
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Table 4. Ultraviolet Spectra of the Complexes and Their
Corresponding Dienes








more to the cis-stilbene (86) (K band for cis-stilbene A max at 283 nm,
E: 1.23x104). No significant absorption was observed around 283 nm in






The nmr spectra of the dienes (18),(20),(64) and (73) and their
corresponding complexes (3),(4),(5) and (6) are summarized in Table 5.
In comparing the proton absorptions of each pair of compounds, the following
points which are of general interests deserve some special mentioning.
Table 5. Nmr Spectra of Dienes and Their Complexes
Peak center AssignmentFine
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The eight aromatic protons in the benzc--moiety in each of the diene
molecules (20),(64) and (73) appeared as multiplets in the normal aromatic
region of & 7.0-7.3. In the nmr spectra of the complexes (4),(5) and (6),
hoever, one of the common features is that the aromatic protons are
revealed in two regions: six protons at the normal fields region (around
& 7.0-7.2) and two protons at the downfield region (& 7.5-8.35). The
protons at downfield region are assigned to H f (cf. Table 5). These
protons are deshielded by the current of the two benzene rings. The parent
dienes have the stable configuration of trans form. However, from the
absorption behavior of the aromatic protons in the complexes it is evident
that the diene systems adopt the cis arrangement of double bonds after
coordination to the tricarbonyliron group.
The downfield shift of the aromatic protons H f from the normal region
in the case of (4) is largest among the three complexes. Studies of
the molecular models for the three complexes (4),(5) and (6) revealed that
the two benzene rings in the case of (4) are almost coplanar and the two
protons H f are very close to each other. For the case of (5) and (6), the
two benzene rings are not coplanar, but they are so close that a slight
twist in the diene system is required in order to release the steric strain.
Thus, the aromatic protons Hf in (5) and (6) are at the positions
which are less deshielded by the benzene rings and they themselves are
farther apart.
It has been observed that the olefinic protons at low field region
(& 5.5-6.7) in the parent dienes are shifted to higher field in the
complexes. The absence of these peaks at lower field after coordination
to tricarbonyliron group indicates clearly that the unsaturated bonds are
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involved in the complex formation. The signals at the highest field
(& 1.0-1.8) in each complex is assigned to the protons at the terminal
carbons of the diene. These results are consistent with the observation
by Pettit and co-worker35 who reported that the protons at terminal carbons
of the diene unit absorbed at & 0.2-0.5. Saturated substituents at
terminal carbon would cause them to move downfield slightly while the
effects of unsaturated substituents would be more significant. The
shifting of the protons on the terminal carbon of the diene from low field
(in the region of olefinic proton) to high field (in the region of aliphatic
proton) would favour the representation (A) or (5A) for the dieneiron
tricarbonyl complexes. The protons Fib which also shifted upfield gave further
support to this suggestion (cf. Table 5). This is not surprising because
the original allylic protons Hb have become methylenic protons upon
coordination to tricarbonyliron group if representation (A) or (5A) is






However, in the above discussion, the effects of the tricarbonyliron
group on the protons have not been considered the chemical shifts of
different types of protons in simple organic molecules may not be in the
same order as in organometallic compounds. Wilkinson and co-workers 13
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pointed out that the relative position of. a proton resonance at a constant
applied frequency depended on the extent to which it was shielded from
the field by the local magnetic fields produced by the induced motions of
the electrons around it. In ati olefin group there appeared to be a para-
magnetic contribution to the shielding of the protons from the n -electrons.
Should the 7r-electrons be involved in bonding to a metal atom, this
contribution could be altered so as to make the resonance of protons on
sp2 hybridized carbon appeared at higher fields than in simple olefins.
The chemical shifts of the coordinated conjugated diene protons in the
above-mentioned systems could, in fact, be explained on the basis of the
7r-bonded structure if allowance was made for the long-range shielding
contribution to the shift which arose from the anisotropic magnetic
polarization of electrons in the metal-clefin bond or from the anisotropy
associated with the iron tricarbonyl36. An up-field shift of the olefinic
protons was also found in the nmr spectrum of cycloheptatrienemolybdenum
tricarbonyl37 whose structure did not appear to have o,-bonds to the
metal atom as elucidated by X-ray analysis 38 0
In the complex (5), the coupling constant for 13C and terminal
carbon proton was found to be 166 Hz this indicated that terminal carbon-
hydrogen bond was formed with carbon sp2 hybrid orbitals.
From the infrared stretching frequencies of the C-H bonds in the
dieneiron tricarbonyl complexes, Wilkinson 'and co-workers 13 demonstrated
that these frequencies were more like those associated with sp2 rather
than with spa hybridized carbon-hydrogen bonds.
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Although the nmr data suggested that representation (A) or (5A)
Df a two u -bonds and one n-bond system of the dieneiron tricarbonyl
complex was quite likely, the coupling constant for 13C and terminal
carbon protons in the complex (5) favoured the sp2 orbitals in terminal
carbons. The X-ray and it did not indicate the existence of the a -bonds
between the terminal carbons and the metal atom. The latter two methods
of physical measurements supported the two 7r-bonded structure for the
metal-olefin complexes. The uv spectra of the complexes (4),(5) and (6)
showed no significant changes in the absorption pattern when compared with
their corresponding dienes. Therefore, it is probably inappropriate to
regard representation (A) as the sole bonding structure for the
dieneiron tricarbonyl complexes, although in the extreme cases such a
representation may become partly true. But even if the bonding nature of
the complexes is representation (B), the two mono-olefin-metal interaction:
would result in the back donation of the metal electron density into the
lowest antibonding orbital of the diene. The lowest unoccupied
molecular orbitals in the ground state of butadiene has the form
01-02+03-04 whi:h is antibonding for C1-C2 and C3-C4, but bonding for
C2-C3. The bond order and the electron density between C2 and C3 would
increase and the bonding between C2 and C3 has more of the double bond
characteristics. The nature of the electronic distribution in the
dieneiron tricarbonyl may lie between the two representations (A) and (B),
and the concept of forward coordination from the orbitals of the diene and
back donation from the iron atom to the antibonding orbitals of the diene
should be employed whenever the bonding nature of the dieneiron
tricarbonyl is discussed.
46
(III) Reactions of the Complexes with Aluminium Trichloride
Upon treatment of complexes (3),(4),(5) and (6) with aluminium
trichloride, in no case cyclic ketone was obtained. The it spectra of
the products isolated from the reactions showed no absorption at normal
C=O stretching frequencies.
Apart from the recovery of the starting complex, treatment of the
complex (3) with aluminium trichloride at room temperature gave no
other isolable products. Complex (3) is remarkedly stable and no apparent
reaction has been observed even after stirring for one to two days.
Treatment of complex (5) with aluminium trichloride gave a hydrocarbon
which showed an intense bluish violet fluorescence in 44% yield. Its it
spectrum showed no absorption in the normal carbonyl and terminal carbonyl
regions. Its nmr spectrum showed one aromatic proton at b 7.6 (multiplet),
six aromatic protons centered at 6 7.2 (multiplet) and eleven aliphatic
protons in the region 3 1.0-3.5 (peaks in this region are too complicated
to be assigned to individual protons) no olefinic proton was observed.
Its uv spectrum showed absorption at 316 nm (c :2.82 x 104). On the basis
of the physical data and the structure of the starting complex (5),
possible structures 1, 2, 3, 7,8, 6b-hexahydro-benzo Lj]fluoroanthene (87) or




Supanekar and co-workerJV94U reported the isomerization of diene
(64) in acids, such as sulphuric acid, which gave a hydrocarbon whose
structure was assigned as (88) the assignment was based on the
comparison of absorption of (88) with 2-phenylindene and trans-stilbene
They also suggested structure (87) as a possible alternative.' The
product obtained from the reaction of complex (5) with aluminium trichloride
was found to be identical with the isomerization product of the diene (64).
When the pure diene (64) was reacted with aluminium trichloride under




Aid 3 (87) or (88)
HO
(64)
Supanekar and his co-worker' postulated that acid catalysed
cyclization of the diene (64) involved the initial step of protonation
to yield an intermediate (89) which upon intramolecular electrophilic













For the transformation of complex (5) to the hydrocarbon (87) two
possible routes may be operative: (I), In the presence of aluminium
trichloride, the complex (5) lose the tricarbonyliron group to regenerate
the diene (64) which reacted with aluminium trichloride to give the
hydrocarbon (87) or (88). However, there are some facts which are
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unfavorable for this proposed route: (i) while some intact starting
complex (5) was recovered (ca. 28%) but none of the unrearranged diene
could be isolated (ii) it would be difficult to visualize that dieneiron
tricarbonyl complexes lost the tricarbonyliron group upon attack of
aluminium trichloride at room temperature while the analogous complexes
(3) and (6) were very stable in the presence of aluminium trichloride
under similar conditions. (II), The other route is the direct attack of
aluminium trichloride on the complex (5) without generating the diene (61)
as an intermediate the mode of transformation is proposed as below:








In the proposed mechanism, alu-minium trichloride first generated
a carbonium ion in the diene unit this carbonium ion was stabilized by
the tricarbonyliron group to form a 7r-allyliron tricarbcnyl complex (90).
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Although the iron atom in (90) formally-possessed 16 electrons, two
electrons less than the effective atomic number, stable salts of the
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7r-allyliron tricarbonyl cation have been isolated by Pettit and co-workers
However, the high reactivity, of the complex (90) was rapidly subjected to
electrophilic attack leading to the formation of (91) which in turn upon
hydrolysis gave (87).
The reaction of 3,3'-bi-indenyliron tricarbonyl with aluminium
trichloride in benzene at room temperature under nitrogen atmosphere
gave a white solid in ca. 55% yield. This white solid was identified as
anthracene (92). Its it spectrum showed no absorption at normal or
terminal carbonyl stretching frequencies (around 1700 and 2000 cm 1,
respectively). Its nmr spectrum showed two protons at b 8.3 (singlet),
four protons centered at 8 7.85 (quartet) and four protons at 6 7.3
(multiplet). Its uv spectrum showed absorption at Amax 254 nm (c: 2.0x10 5
),
310 nm (E: 1550), 324 nm (E: 3160), 340 nm( E: 5800), 356 nm( E: 9000)
and 375 nm (E: 8800). Its mass spectrum showed the molecular ion at
m/e 178 (base peak). Structure of (92) was further substantiated by






The mechanism leading to the formation of anthracene (92) was not
clear. In order to gain further insight into the mechanism, methyl-
substituted diene (81) was prepared. Unfortunately, preparation of
2,2'-dimethyl-3,3'-bi-indenyliron tricarbonyl (7) from the diene (81)
was unsuccessful probably because of steric hindrance due to the presence
of the methyl groups.
Reaction of 3,3'-bi-indenyl (20) with aluminium trichloride under
similar conditions afforded no anthracene. The resulting oily residue
after column chromatography yielded a yellow solid whose nmr spectrum
revealed that it was not anthracene. In fact, the yellow solid was
still not a pure compound.
Reaction of 2,3:2',3'-dibenzo-1,1'-bi(cyclohepta-2,7-dienyl)iron
tricarbonyl (6) with aluminium trichloride at room temperature gave no
observable product. About 67% of the starting complex was recovered.
The reaction mixture was heated under reflux in benzene for about four
hours and working up in usual way yielded a brown oily residue column
chromatography of the residue afforded little amount of a very pale yellow
solid (93). Bezause of the small quantity of the solid (93), it was not
further purified it had mp 152-6 0C. Its nmr showed a broad singlet at
6 2.30, a multiplet centered at 6 2.70, a broad singlet at 63.30 and
a mutltiplet at 6 7.00. Its it spectrum showed no peaks around 2000 cm-1
for terminal carbonyl and no peak for ketone group, but a strong peak at
2340 CM-1. The structure of this compound (93) was undetermined.
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Experimental
Microanalysis were performed by the Australian Microanalytical
Service, Melbourne. Melting points were measured on a Kofler micro-
heating stage and are uncorrected. Infrared spectra were determined on
a Beckman IR-10 or Perkin-Elmer 283 Infrared Spectrophotometers, and
only significant maxima were reported. Ultraviolet spectra for cyclohexane
solutions were taken on a Hitachi-323 recording spectrophotometer.
Nuclear magnetic resonance spectra were measured on a JEOL 60-HL
spectrometer (60 MHz) the chemical shifts were reported in ppm.with
respect to internal tetramethylsilane standard. Mass spectra were
recorded using a Hitachi RMS-4 mass spectrometer.
Removal of solvents in vacuo refers to evaporation of solvent at
aspirator pressure-on a rotatory evaporator.
Materials
l,l'-Bicyclopentyl-l,l'-diol (16)t, 1,1'-bicyclopentenyl (18)6,
1-indanone (9) 25 /3-benzoylpropionic acid (61) 27 y-phenylbutyLic acid
(62)28, 1-tetralone (10)29, 6 -phenylvaleric acid (71) 30 and diiron
enneacarbonyl42 were prepared according to literature procedures.
Attempted synthesis of 1,1'-bicyclopentyl-l,l'-diol (16) by Newman's
procedure
A mixture of cyclopentanone (6.0 g., 71.4 mmol), aluminium foil
(2.5 g., 92.6 nimol) and mercuric chloride (0.3 g., 1.1 mmol) in absolute
ethanol (40 ml) and dry benzene (30 ml) wasrefluxed for 2 hr. Absolute
ethanol (20 ml) and dry benzene (15 ml) were then added and refluxing
53
continued for additional ten hr. The reaction mixture was cooled down
and 3% hydrochloric acid solution (75 ml) was added to hydrolyze the
mixture. The organic layer was separated and the aqueous layer was
extracted with three portions of benzene and diethyl ether (1:1). The
combined organic solution was washed with 3% hydrochloric acid solution
and was dried over anhydrous magnesium sulphate and filtered. Removal
of solvent gave about 1 ml of starting material no desired diol (16)
was obtained.
1,1'-Bi-indanyl-l,1'-diol (19)
Aluminium foil (16.0 g., 0.59 mol) and mercuric chloride (1.6 g.,
5.9 mmol) were added to a solution of 1-indanone (37 g., 0.28 mol) in
absolute ethanol (300 ml) and dry benzene (220 ml). After refluxing for
-3 hr, absolute ethanol (60 ml) and dry benzene (60 ml) were added and
the mixture was refluxed for another ten hr. After cooling, cold 10%
hydrochloric acid (200 ml) was added to hydrolyze the mixture. The
organic phase was separated and the aqueous layer was extracted with
three portions of benzene-diethyl ether (1:1) (100 ml). The combined
organic phase was washed successively with dilute hydrochloric acid, 10%
sodium carbonate solution and water. Then it was dried over anhydrous
magnesium sulphate and filtered. Removal of the solvent of the filtrate
in vacuo yielded pale yellow residue. Recrystallization from petroleum
ether gave 1,1'-bi-indanyl-1,1'-diol (19) as white needles (12.0 g., 32.2%),
mp 160-10C (lit.8 mp 1590 C)
nmr (CDC11) S, ppm: 1.8-2.0 t, 4H, methylenic H,
2.7-3.1 q, 4H, benzylic H,
3.00 s, 2H, hydroxylic H,
7.20 m, 6H, aromatic H,
7.75 m, 2H, position 7 7'.
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3,3'-Bi-indenyl (20)
1,1'-Bi-indanyl-1,1'-diol (19) (5.0 g., 18.8 mmol) was boiled
in acetic acid (30 ml) and acetic anhydride (30 ml) for three hr.
Concentration of the solution to a smaller volume (ca. 20 ml) gave
3,3'-bi-indertyl (20). Recrystallization from acetic anhydride afforded
yellow leaflets (2.1 g., 48.6%), mp 130-1°C (lit.8 mp 131°C).
nmr (CClz)&, ppm: 3.50 d, 4H, benzylic H,
6.68 t, 2H, vinylic H,
7.30 m, .8H, aromatic H.
uvamax. nm
: 228 (e: 2.50x104), 236 (c: 2.34x104),
256 (e: 1.29x10).
In another run, 3,3'-bi-indenyl (20) (7.4 g., 23%) was obtained
by bimolecular reduction of indanone (4) (37.0 g., 0.28 mol) and
subsequent dehydration without the isolation of the corresponding diol
(19) using the same procedure as described above.
3,3',4,4'-Tetrahydro-l,l'-binaphthyl (64) and 2,2',3,3',4,4'-hexahydro-
1,1' -b inaphth,yl-1,1' -dio l (63)
3,3',4,4'-Tetrahydro-.1,1'-binaphthyl (64) was prepared by the
method of Ginsburg and co-worker . A mixture of 1-tetralone (10),
(42.0 g., 0.288 mol), aluminium foil (12.3 g., 0.456 mol) and
mercuric chloride (1.3 g., 4.8 mmol) in absolute ethanol (300 ml) and
dry benzene (200 ml) was refluxed for 17 hr. After cooling, the mixture
was hydrolyzed by addition of 10% hydrochloric acid (250 ml). The
organic phase was separated and the aqueous phase was extracted with
three portions of benzene-diethyl ether (1:1) (100 ml). The combined
organic solution was washed successively with dilute hydrochloric acid,
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5% sodium bicarbonate solution and water. It was then dried over
anhydrous magnesium sulphate and filtered. Removal of solvent in vacuo
yielded crude diol (63).. Acetic acid (90 ml) and acetic anhydride
90 ml) were added to the crude diol (63) and the mixture was bioled for
4 hr. Concentration of the solution to a smaller volume gave the
diene (64) which was recrystallized from aqueous ethanol as white
needles (27.0 g., 73%), mp 141°C (lit.7 mp 141°C).
In another run, a small portion of crude diol (63) was isolated
before dehydration to diene (64). It appeared as colorless prism from
ethanol, mp 190-191°C (lit.10 mp 192°C).
Benzosuberone (11)
In a 1-l.f lask, polyphosphoric acid (100 g) was warmed on a steam
bath to 90°C. Molten & -phenylvaleric acid (10 g., 62.5 mmol) was added
in one lot with stirring. The mixture was then removed from the steam
bath and was stirred for three min. An additional-polyphosphoric acid
(100 g.) was then added. The mixture was immersed in boiling water for
one hr with stirring. The resulting solution was allowed to cool to
60°C and was hydrolyzed by pouring onto ice and water (400 g.). It was
then stirred for 30 min. The aqueous mixture was extracted with two
portions of ether (200 ml and 100 ml). The combined extracts were washed
successively with water (150 ml), two portions of 5% sodium hydroxide
solution (100 ml), water (150 ml), 3% aqueous acetic acid (100 ml), 5%
sodium bicarbonate solution (100 ml) and water (100 ml). The ether
was removed in vacuo. The resulting benzosuberone (11) was distilled
as colorless oil (6.8 g., 72%), bp 113-4C/4.0 mm (lit.1 bp 138-139°C/12 mm).
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2,3:2' ,3' Dibenzo-1,it-b i(cyclohepta-2.7-dienyl)-1,1'-diol (72A)
and (72B)
A mixture of benzosuberone (11) (19.6 g., 0.123 mol), aluminium foil
7 g.) and mercuric chloride (1.0 g.) in absolute ethanol (150 ml) and
dry benzene (100 ml) was refluxed. After refluxing for three hr, absolute
ethanol (60 ml) and dry benzene (40 ml) were added and the mixture was
refluxed for further ten hr. After cooling to room temperature, a
cold solution of 10% hydrochloric acid (150 ml) was added to hydrolyze
the mixture. The organic phase was separated and the aqueous phase was
extracted with three portions of benzene-diethyl ether (1:1) (100 ml).
The combined organic solution was washed successively with 10% hydrochloric
acid, 10% sodium carbonate solution and water. It was then dried over
anhydrous magnesium suphate and filtered, and the filtrate was evaporated
in vacuo to yield white solid. Petroleum ether (60-800C) (150 ml) was
added to the residue to dissolve the diol (72B). The undissolved solid
was filtered. Recrystallization of this crude solid from chloroform-
petroleum ether afforded the diol (72A) (6.0 g., 30.3%) as white needles,
mp 219-2200C (lit. 10 mp 2210 C).
Diol (72A) mp 219-220°C (lit.8mp 221.C).
mass spec. (m/e): 322 (M+ not detected), 304 (M+-H20),
286 (M+- 2H20)2 162 (M+, base peak).
ir (KBr, disc) cm-1: 3700 and 3500 (doublet) (0-H)
nmr (CDC13) 8, Fpm: 1.60 in, 10H, methylenic H.
2.2-2.8 m, 6H, methylenic H,
2.70 s, 2H, hydroxylic H,
7.17 m,. 6H, aromatic H.
7.50 m, 2H, aromatic H
adjacent to OH group.
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: C 81.95; H, 8.13,Anal. Calcd. for C22H2602(%)
: C, 81.73; H, 7.89.Found
The filtrate was evaporated in vacuo to give the crude solid
which was recrystallized from ethanol to afford the diol (72B) as white
granulates (7.0 g., 35.3%)_mp 136-137°C (lit.8 mp 137°C).
Diol (72B) mp 136-137°C (lit.'° mp 137°C)4
• 322 (Mt, not detected), 304 (M- HIM 11mass spec. (m/e)
286 (M+-- 2H90) 1 162 (`Z+, base peak).
it (KBr, disc) cm--L: 3700 and 3500 (doublet) (0-H).
8H, methylenic H,nmr (CC1,,) J, ppm: 1.60 in,
8H, methylenic H,2.0-2.7 M5
2H, hydroxylic H.2.42 S5
8H, aromatic H.M27.08
: C, 81.95 H, 8.13,Anal. Calcd. for C22H2602(%)
: C, 81.97 H, 8.00.Found
4-Oxo-1,2-benzocyclo-octene-3-spiro-3'-(1',2'-benzocycloheptene) (74)
and 1,1'-bi(2,3-benzocycloheptenylidene) oxide (75)
Diol (72A and 72B) (4.0 g., 12.42 mmol) in acetic acid (25 ml)
and acetic anhydride (25 ml) was boiled for four hr. Then it was
concentrated to about 20 ml crystals appeared on cooling and were
filtered off by suction. Recrystallization of product from acetic
acid afforded colorless needles (75) (0.42 g., 11.1%) mp 205-7°C.
Epoxide (75) mp 205-207'C
• 304 (Mt), 160 (PMm- C11H12) 2 144 (C11HT12)•(m/ e)mass spec.
-1
: no peak around 3500 and 1700,cmit (KBr, disc)
1290 (stretching of epoxide).
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nmr (CCl,) ppm: 1.00-2.10 m, 12H, methylenic H,
2.50-3.50 in, 4H, benzylic H,
m, 6H, aromatic H,6.95
m, 2H, aromatic H,7.40
adjacent to oxygen.
nm : 229 (c: 1.35 x 10').uv
max.
Anal. C22H240 requires(%):.C, 86.80 H, 7.95,
Found : C, 86.83 H, 7.81.
The filtrate was again concentrated to about 10 ml. Colorless
granulates crystallized from this solution and were filtered. Recryst-
allization of granulates from ethanol afforded the spiroketone (74) as
0 0
colorless granulates (0.42 g., 11.1%), mp 138-139C (lit.11 mp 138-140 C).
Spiroketone (74) mp 138-140°C.
mass spec. (m/e) : 304 (M+), 276 (M+- CO), 144 (C11 H12 +).
it (KBr, disc) cm -1
• 1703 (C=0)
uv nm 265-(c: 614), 271 (E: 588),
max.
302( E: 476), 312( c: 435).
nmr. (CC14) lb, ppm: 1.30-3.50 m, 16H, methylenic H.
7.00 M2 8H, aromatic H.
Anal. Calcd. for C99H40(%): C, 86.80 H, 7.95,
Found : C, 87.09 H, 7.72.
2,3:2',3'-Dibenzo-l,l'-bi(cyclohepta-2,7-dienyl) (73)
A mixture of diol (72A and 72B) (12.0 g., 37.3 mmol) and phosphorus
oxychloride (15 ml, 163 mmol) in pyridine (100 ml) was carefully
warmed'on a steam bath. When the exothermic reaction subsided, the
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mixture was heated on the steam bath for six hr. Then most of the pyridine
was removed in vacuo and cold water (100 ml) was added with cooling.
.the thick mixture was shaken mechanically for 30 minutes in order to
issolve completely the water soluble compounds. The mixture was extracted
4ith three portions of hexane (100 ml). The organic solution was washed
successively with 10% hydrochloric acid, 5% sodium bicarbonate solution
and water. Then it was dried over anhydrous magnesium sulphate and
filtered. Removal of solvent in vacuo yielded the white solid.
Recrystallization from ethanol afforded the desired diene (73) (6.8 g., 63.8%)
as white prism, mp 95-96°C (lit.8 mp 96°C).
mass spec.. (m/e) : 286 (M+), 143 (2 M+).
it (KBr) cm-1 : 1600 (weak) (C= C)
uv nm
max. : 200 (c: 5.863 x 104), 255( c: 1.668 x 104),
230 (E: 2.3x104).
nmr (CC14), ppm • 1.90 m, 8H, methylenic H,
2.50 t, 4H, benzylic H,
5.90 t, 2H, olefinic H.
7.00 M2 8H, oromatic H,
2-Methyl-l-indanone (12)
A mixture of propiophenone (80.0 g., 0.569 mol), -paraformaldehyde
(60.0 g., excess), potassium carbonate (16.g.) in methanol (160 ml) was
stirred at room temperature for 7 days. It was then poured into water.
The resulting mixture was acidified with hydrochloric acid and extracted
with three portions of benzene (200 ml). The combined organic phase was
washed with 5% sodium bicarbonate solution and with two portions of water
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(200 ml). It was then dried over anhydrous magnesium sulphate and
filtered, and the filtrate was evaporated. The residue was distilled to
afford the first fraction (30 g.) bp 125-143°C/5mm as oil. The nmr
spectrum suggests to be the mixture of 2-benzoylpropanol (78) and
1 0
2-benzoylpropene (79). Pure 2-benzoylpropanol (78) (14.0 g.), bp 143-145 C/5mm,
was obtained in the 2nd fraction (lit.43 bp-143-145°C/5mm). The oil of
all fractions was poured into cold concentrated sulphuric acid (200 ml)
and stirred for two days. The mixture was then poured into 1.5 litre of
water and was steam-distilled. About 1.5 litre of distillate was collected.
The distillate was extracted with three portions of ether (200 ml). The
ether solution was dried over anhydrous magnesium sulphate and filtered.
Removal of solvent gave oil. Distillation of the residual oil afforded
2-methyl-l-indanone (12) (21.0 g., 24.0%) as colorless oil, bp 105-106°C/3mm
(lit. 32 bp 115°C/10mm).
it (NaCl film) cm 1
• 1700 (C= 0).
• 1.25 d, 3H,• methyl H,nmr (CC14) 8, ppm
2.05 M9 2H, benzylic H,
3.15-3.35 q, 1H, methine,
7.40 M5 4H, aromatic H.
When 2-benzoylpropanol (78) (6.0 g.) was stirred in 30 ml of cold
concentrated sulphuric acid for two hours and the mixture was worked up
according to the previous procedure, 2-benzoylpropene (79) (ca.4.0 g.)
was obtained as indicated by its nmr spectrum.
nmr (CC1,,), S, *ppm: 2.00 S., 3H, methyl H,
5.50-5.80 d, 2H, vinyl H,
7.60-7.80 M9 2H, ortho-aromatic H,
MI 3H, aromatic H.7.45,
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However, 2-benzoylpropene (79) could be converted to 2-methyl-1-
indanone (12) by stirring in cold concentrated sulphuric acid for two
days and working up in the way stated above.
2,2'-Dimethyl-393'-bi-indenyl (81) and 2,2'-dimethyl-1,1'-bi-indanyl-
1,1'-diol (80)
A mixture of 2-mettlyl-l-indanone (7.0 g., 47.9 mmol), aluminium foil
(2 g.) and mercuric chloride (0.3 g.) in absolute ethanol (60 ml) and
dried benzene (40 ml) was refluxed for 18 hr. After cooling to room
temperature, cold 10% hydrochloric acid (50 ml) was added to hydrolyze
the reaction mixture. The organic layer was separated and the aqueous
layer was extracted with three portions of benzene-diethyl ether solution
(1:1) (50 ml). The organic solution was washed successively with dilute
hydrochloric acid, 5% sodium carbonate solution and water. Then it was
N
dried over anhydrous magnesium sulphate and filtered. Removal of solvent
in vacuo yielded oily residue. The residue was chromatographed on
alumina using petroleum ether (40-60°C) and dichloromethane (3:1) as eluent.
The first band gave the desired diene (81) (0.10 g., 1.6%).
Diene (81) was recrystallized from ehtanol as white prism, mp 162-
°
163C.
mass spec. (m/e): 258 (M+), 243 (M+-CH3), 228 (M+-2CH3),
129 (ZM+), 114 (/M+-CH 3).
it (KBr, disc) cm-1: 1620 (C= C)
1380 (-CH3)
uv 入 max nm: 260( E: 2.44 x 104)
nmr (CC14) 5, ppm: 2.00 s, 6H, methyl H,
3.40 s, 4H, methylenic H,
7.00 in, 6H, aromatic H.
7.30 m, 2I? aromatic H.
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Anal. C22H22 requires(%): C, 92.98 H, 7.02,
Found: C, 92.87 H, 6.97.
And the second band was diol (80) (0.28 g., 4.0%) the last band
was a yellow oil residue, from which starting material (1.0 g.) was
recovered by distillation. The residue of distillation was very viscous
and was not identified.
The diol (80) was recrystallized from petroleum ether (50-80°C) as
white needles, mp 124-125°C.
mass spec. (m/e): 294 (M+, very weak), 277 (M+-OH),
260 (M+-20H), 147 (2M+, base peak).
is (KBr, disc) cm-1: 3520, 3560 (doublet) (0-H),
1380 (doublet) (-CH3)
nmr (CC14) ,ppm: 0.65 d, 6H, methyl H.
2.00-2.30 m, 6H, aliphatic H.
2.55 s, 2H, hydroxylic H.
7.20 m, 6H, aromatic H.
7.70 m, 2H, aromatic H.
uv 入 nm : 260.5( E: 1300), 267( E: 2000), 273.8( E:2100).
max
Anal. C22H2602 requires(%) C, 81.60 H, 7.53,
Found :C, 81.36;H, 7.69.
In another run, 2-methyl-l-indanone (7 g., 47.9 mmol) was reduced as
the same procedure stated above but the reaction mixture was boiled
for one hr after the addition of 10% hydrochloric acid. Chromatography
on alumina afforded diene (81) (0.50 g.,' 8.0%) and the yellow jelly from
which 0.6 g. of starting material was obtained by distillation. No diol
(80) was isolated. t 16
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3-Benzoyl-2-methylpropionic acid (82)
In a 1-1. three-necked, round-bottomed flask fitted with a mechanical
stirrer and two reflux condensers were placed methylsuccinic anhydride
(31 g., 0.272 mel) and dry benzene (210 ml). The stirrer was started and
anhydrous aluminium trichloride (100 g., 0.75 mol) was added all at once.
Hydrogen chloride was evolved and the mixture became hot. It was ref luxed
with continued stirring for 30 min. The flask was then cooled with cold
water, and water (150 ml) was slowly added from a dropping funnel.
Concentrated hydrochloric acid (50 ml) was added and excess benzene was
removed by steam distillation. The hot solution was at once poured into a
1-1. beaker, and the desired acid separated as an oil which soon solidified.
After cooling to 0°C, it was collected, washed with a cold 10% hydrochloric
acid (100 ml) and then with cold water (100ml). The crude acid was
dissolved in a solution of 35 g. of anhydrous sodium carbonate in 250 ml of
water by boiling for fifteen min. The solution was filtered and the small
amount of aluminium hydroxide washed twice with two portions of hot water
(25 ml). Charcoal (about- 2 g.) was added to the hot filtrate; the
solution was stirred for three.minutes and filtered. The clear filtrate
was transfered to a 1-1, beaker, cooled to 50-60°C and carefully acidified
with concentrated hydrochloric acid (65 ml). After cooling to 0°C in
ice-salt bath the acid was filtered, washed well with water, and dried in
vacuo at 40°C. The desired acid (82) was recrystallized from benzene as
white needles (45.1 g., 86.4%), mp 141°C (lit.44 mp 139-140°C).
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2-Methyl-4-phenylbutyric acid (83)
Amalgamated zinc was prepared by shaking for five min. a mixture of
mossy zinc (120 g.), mercuric chloride (120 g.), water (200 ml) and
co centrated hydrochloric acid (5-6 ml) in a 1-1. round-bottomed flask.
The solution was decanted and water (75 ml), concentrated hydrochloric
acid (175 ml), toluene (100 ml) and 3-benzoyl-2-methylpropionic acid (82)
(53.5 g., 0.279 mol) were added, in that order, to the above mixture.
The flask was fitted with a vertical condenser and the mixture was boiled'
vigorously for 36 hr. Three portions of concentrated hydrochloric acid
(50 ml) were added at approximately six-hour intervals during the refluxing
period. After cooling to room temperature the layers were separated. The
aqueous layer was diluted with water (200 ml) and extracted with three
portions of ether (100 ml). The toluene layer and the ether extracts were
combined, washed with water, dried over calcium chloride and filtered.
Removal of solvent in vacuo gave oil, from which 2-methyl-4-phenylbutyric
acid (83) (43.8 g., 88%) was obtained by distillation,bp 123-124°C/0.15 mm
(lit.44 bp 174°C/15 mm).
2-methyl-l-tetralone (13)
In a 1-1. flask, polyphosphoric acid (80 g.) was heated on a
steam bath to 90°C. Molten 2-methyl-4-phenylbutyric acid (83) (17 g.,
95.51 mmol) was added in one lot with stirring. The mixture was then
removed from the steam bath and was stirred for three min. An additional
polyphosphoric acid (80 g.) was added. The mixture was immersed in boiling
water bath for 1 hr. while being magnetically stirred. The resulting
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mixture was allowed to cool to 60°C and was hydrolyzed by pouring into ice
and water (200 g.) and stirred for 30 min. The aqueous mixture was
extracted with 2 portions of ether (200 ml). The combined extracts were
washed successively with water (200 ml), two portions of 5% sodium
hydroxide solution (100 ml), water (200 ml), 3% aqueous acetic acid (100 ml),
5% sodium bicarbonate solution (100 ml) and water (100 ml). The ether
solution was dried over anhydrous magnesium sulphate and filtered. Removal
of solvent gave colourless residual oil, from which 2-methyl-l-tetralone
(13) was distilled as colourless oil (11.3 g., 74%), bp 82-84°C/0.7 mm
(lit.45 bp 98°C/3 mm).
Attempted bimolecular reduction of 2-methyl-l-tetralone (13)
A mixture of 2-methyl-l-tetralone (13) (8 g., 50 mmol), aluminium
foil (2 g., 70 mmol) and mercuric chloride (0.3 g., 1.1 mmol) in absolute
ethanol (60 ml) and dry benzene (40 ml) was refluxed for 24 hr. The
mixture was cooled and hydrolyzed by addition of 10% hydrochloric acid
(60 ml) and boiled for about 30 min. After cooling, the organic layer was
separated and aqueous layer extracted with benzene-ether (1:1) (3x50 ml).
The combined organic layer was washed with dilute hydrochloric acid, sodium
bicarbonate solution and water successively. It was then dried over
anhydrous magnesium sulphate and filtered. Removal of solvent in vacuo
yielded pale yellow oil (jelly). No crystallized product could be
isolated from the oily jelly.
Acetic acid (25 ml) and acetic anhydride (25 ml) were added to the
resulting jelly residue, and the mixture was boiled for 4 hr. The solvent
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was removed in vacuo. The oily residue was chromatographed on alumina
using petroleum ether (40-60°C)/dichloromethane (4:1) as eluent. A
yellow band was eluted out. Removal of solvent from the elution of this
b nd gave yellow jelly. Distillation of this jelly gave starting material
2-methyl-l-tetralone (13) (1 g., bp 84-880C/0.8 mm), as indicated by nmr
spectrum, and a very viscous jelly (1.6 g., bp 160-162°C/0.7 mm). No
crystallized product was isolated from the viscous jelly and the residue
of the distillation.
l,l'-Bicyclopentenyliron tricarbonyl (3)
A mixture of 1,1'-bicyclopentenyl (18) (15.0 g., 0.112 mmol), and
diiron enneacarbonyl (42 g., 0.115 mol) in cyclohexane (200 ml) was
heated under nitrogen atmosphere in an oil bath at 95°C for 40 hr. The
mixture was cooled and filtered. The filtrate was evaporated in vacuo and
the oily residue was dissolved in pentane and chromatographed on alumina
.using pentane as eluent. The yellow band gave the desired complex and a
small amount of starting material. The small amount of starting material
and impurities could be removed by washing the mixture with two portions
of pentane at low temperature (-78°C). Recrystallization from pentane at
low temperature gave l,1'-b icyclopentenyliron tricarbonyl (3) as golden




nmr (CSC) S, ppm: 1.28 d, 2H, Ha
1.73-2.10 m, 8H, Hb+ Hc
2.70 t, 4H, Hd
cf. Table 5
3,3'-Bi-indenyliron tricarbonyl (4)
A mixture of 3,3'-bi-indenyl (20) (4.44'g., 19.3 i ol), diiron
enneacarbonyl(12 g., 33.0 mmol) in cyclohexane (180 ml) was heated under
nitrogen atmosphere in an oil bath at 95°C for 40 hr. The mixture was
cooled and filtered. The filtrate was evaporated in vacuo. Petroleum
ether (20 ml) was added to the resulting residue. Some golden needles
of desired complexes were crystallized out. The crystals were filtered and
washed with petroleum ether. The filtrate was concentrated and the
residue was chromatographed on alumina. Petroleum ether eluted out the
first pale yellow band from which starting diene (20) (1.5 g.) was
recovered. Then solution of benzene-petroleum ether (1:2) was used to
elute an orange yellow band. Removal of solvent from this band yielded
yellow complex. Recrystallization of the combined complex from benzene/
petroleum ether afforded 3,3'-bi-indenyliron tricarbonyl (4) as yellow
needles (1.3 g., 18.2% 27.5% based on unrecovered starting material),
mp 1959C (dec.).
mass spec., (m/e) 370 (M+), 342 (M+-CO), 314 (M+-,2CO),
286 (M+-3CO), 258 (M+-Fe(CO) 2), 230 (M+-Fe(CO) 3).
it (KBr, disc), cm 2040, 1980 (C S SO)
uv 入 max nm: 227(2.52x104), 236(2.33x10 4), 255(1.60x104).
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: 1. 75nmr (CS2) 8, ppm d, 2H, terminal carbon H (Ha)
2.90 d, 2H, benzylic H (Hbl)
((JHB,Hb= 22Bz)
7
3:30 q, 2H, benzylic H (Hb)
H b'H b'= 22Hz, J Ha 10 H b= 5Hz)
7.20 m, 6H, aromatic H.
8.35 m, 2H, aromatic H (Hf)
cf. Table 5
: Cl 68.14 H, 3.81 0, 12.97Anal. C21H14FeO3 requires(%)
Found C, 68.32, H, 3.85, 0, 12.70.
Preparation of 3,3',4,4'-tetrahydro-1,1'-binaphthyliron tricarbonyl
(5) from diene (64) and diiron enneacarbony l
A mixture of 3,3',4,4'-tetrahydro-l,1'-binaphthyl (64) (1.5 g., 5.82 mmole)
and diiron enneacarbonyl (4.0 g., 11.0 mmol) in cyclohexane (70 ml) was
heated under nitrogen atmosphere in an oil bath at 95°C for 40 hr. The
mixture was cooled and filtered the filtrate was evaporated and the
residue was dissolved in pentane as eluent. The first yellow band contained
mainly the complex and a minute amount of starting*diene. Further
elution gave the starting diene (64) (0.95 g., 63.3%). The desired complex
(5) crystallized from the filtrate solution collected from the yellow
band when cooled to -78°C. Recrystallization from absolute ethanol
afforded the desired complex (5) as golden rectangular prism (0.22 g., 9.51%
25.9% based on unrecovered diene), mp 162-3°C.
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mass spec. (m/e): 398 (M+), 370 (M+-C0), 342 (M+-2C0),
314 (M+-3C0), 312 (M+-3C0-2H),
310 (M+-3CO-4H), 258 (M+-Fe(CO) 3),
254 (C20H14+).
it (KBr, disc) cm l: 2040, 1980, 1960 (C0).
nmr (CS2) S, ppm: 1.40 t, 2H, terminal carbon H (Ha)
(J13c H =166HZ)
a
1.97 m, 4H, methylenic H,
2.70 t, -4H, benzylic H,
7.00 m, 6H, aromatic H.
7.50 m, 2H, aromatic H (Hf)
*cf. Table 5
uv A nm 218 (E: 3.64 x 104) 225( E: 2.63 x 104)
max.
258 (c: 1.84 x 104).
Anal. C23H18FeO3 requires(%): C, 69.37 H, 4.56,
Found C, 69.15 H, 4.86.
Preparation of 3,3',4,4'-tetrahydro-1,1'-binaphthyliron tricarbonyl (5)
from diene (64) and iron pentacarbonyl.
A mixture of diene (64) (8.0 g., 31.0 mmol) and iron pentacarbonyl
(28 g., 143.2 mmol) in di-n-butyl ether (150 nil) was refluxed under
nitrogen atmosphere for 48 hr. The solution was allowed to cool to room
temperature and cyclohexane (100 ml) was then added to the solution.
The mixture was filtered and washed with a small amount of cyclohexane.
Removal of cyclohexane in vacuo yielded yellow residue. Cyclohexane
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(ca 20 ml) was added to the residue and some solid dissolved. The
undissolved solid was filtered and identified to be starting diene (64).
From the filtrate, the hexane was removed and the residue was chromatographed
on alumina using pentane as eluent. The first band gave the desired
complex (5) and the later band yielded the starting diene (64). Total
amount of starting diene (64) recovered was 5.8 g. (72.5%). The desired
complex (5) was recrystallized from ethanol as golden rectangular prism
(1.22 g., 9.89% 35.9% based on unrecovered diene), mp 162-3°C.
Preparation of 2,3:2'3'-dibenzo-l,1'-bi(cyclohepta-2,7-dienyl)iron
tricarbonyl (6) from diene (73) and iron pentacarbonyl
A mixture of diene (73) (2.1 g., 7.3 mmol) and iron pentacarbonyl
(11.7 g., 59.5 mmol) in di-n-butyl ether under nitrogen atomsphere was
refluxed for 24 hr. The resulting dark green solution was cooled to
room temperature and benzene (100 ml) was added to dissolve the organic
solid. The mixture was filtered. Removal of solvent in vacuo afforded
yellow residue. Recrystallization of the residue from benzene/petroleum
ether (80-100oi,) gave the desired complex (6) (2.55g.,81.6%) as yellow
prism, mp 242 °C (dec.).
mass spec. (m/e) 426 (Me), 398 (Mt-CO), 370 (M+-2CO),
342 (M+-3C0, base peak),
286 (M+-Fe(CO)-3), 143 (C 11 H 11+).
it (KBr, disc) cm --L: 2044, 1988, 1980. (C= 0)
uv nm : 229 (c: 3.245 x 1.0-t), 256( c:2.03 x 104)max.
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M9. 4H, terminal carbon H andnmr (CS2) 6, ppm: 1.00
two methylenic H,
m, 6H methylenic H,1.80
2.3-3.2 m, 4H, benzylic H.
M9 6H aromatic H.7.00
7.75 m, 2H aromatic H (Hf)
cf. Table 5
Anal. C25H22FeO3 requires(%): C, 70.44 H, 5.20 0, 11.26
: C, 70.38 H, 5.25 0, 11.11.Found
Preparation of 2,3:2',3'-dib enzo-l,l'-bi(cyclohepta-2,7-dienyl)iron
tricarbonyl (6) from diene (73) and diiron enneacarbonyl
A mixture of diene (73) (1.0 g., 3.5 mmol) and diiron enneacarbonyl
(3.0 g., 8.25 mmol) in cyclohexane (50 ml) was refluxed under nitrogen
atmosphere for 24 hr. The reaction mixture was filtered and washed with
small amount of benzene. Removal of the solvent of the filtrate
yielded yellowish residue. The residue was chromatographed on alumina
using petroleum ether (40-60°C) as eluent. The first band containing
starting diene (73) (ca. 0.6 g., 60%) was recovered and the later
band gave yellow residue. Recrystallization of the yellow residue
from benzene/petroleum ether afforded the desired complex (6) (0.025 g.,
1.6% 4.2% based on unrecovered starting material) as yellow prism,
mp 242°C (dec.).
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Attempted preparation of 2,2'-dimethyl-3,3'-bi-indenyliron tricarbonyl
(7) from diene (81) and iron pentacarbonyl
A mixture of 2,2'-dimethyl-3,3'-bi-indenyl (81) (0.40 g., 1.55 mmol)
and iron pentacarbonyl (2.9 g., 14.9 mmol) in di-n-butyl ether (25 ml)
was ref luxed under nitrogen atmosphere for 24 hr. The reaction mixture
turned dark green after heating for about 1 hr; then it turned orange
yellow. After refluxing for 24 hr, the mixture was cooled to room
temperature and benzene (15 ml) was added to the mixture. The mixture
was filtered. Removal of solvent of the filtrate gave solid residue
recrystallization of the residue from ethanol afforded the starting
material (81) (0.32 g., 80%). No desired complex (7) was isolated.
In another run, the reaction mixture was refluxed for 48 hr and
similar result was obtained.
Attempted preparation of 2,2'-dimethyl-3,3'-bi-indenyliron tricarbonyl
(7) from diene (81) and diiron enneacarbonyl
A mixture of diene (81) (0.40 g., 1.55 mmol) and diiron ennea-
carbonyl (1.2 g., 3.3 mmol) in cyclohexane (25 ml) was refluxed for
24 hr under nitrogen atmosphere. The reaction mixture turned dark green
on heating. The mixture was cooled to room temperature and filtered the
residue was washed with benzene (10 ml). Removal of solvent of the
filtrate in vacuo afforded solid. Recrystallization from ethanol gave
starting diene (81) (0.3 g., 75%). No desired complex (7) was isolated.
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Reaction of 3,3',4,4'-tetrahydro-1,1'-binaphthyliron tricarbonyl (5)
with aluminium trichioride
Freshly sublimed anhydrous aluminium trichioride (0.4 g., 3.0 mmol)
was added to a solution of the complex (5) (0.28 g., 0.7 mmol) in dry
benzene (15 ml) at room temperature under nitrogen atmosphere. The
mixture was stirred for 24 hr, and water (15 ml) was added to hydrolyze
the mixture. The organic phase was then separated and aqueous phase
was extracted with two portions of benzene (15 ml). The combined
organic phase was washed with water and dried over anhydrous magnesium
sulphate. Removal of solvent gave yellow residue which was chromato-
graphed on alumina using pentane as eluent. The first yellow band gave
the starting complex (5) (ca. 0.08 g., 28%). Further elution gave
white solid after removal of the solvent. Recrystallization from
ethanol/hexane afforded hydrocarbon compound (87) or (88) as colorless
plates (0.08 g., 44.1%), mp 133-4°C (lit.39 mp 129-130°C). It gave an
intense bluish violet fluorescence under uv light.
mass spec. (m/e) : molecular ion at 258.
uv nm
`max. 316 (c: 2.82 x 104), 330( c: 2.22 x 104)
:1-3.5 m, 11H, aliphatic H,nmr (CCl4)8, ppm
7.20 m, 6H, aromatic H,
7.6 m, 1H, aromatic H.
it (KBr, disc) cm-1 1600 (C= C)
SAnal. Calcd. for C20H18 S C, 92.98 H, 7.02
.Found . C, 92.87 H, 7.25.
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Reaction of 3,3'-,4,4'-tetrahydro-1,1'-binaphthyl (64) with aluminium
trichloride
Freshly sublimed anhydrous aluminium trichloride (0.15 g., 1.12 mmol)
was added to a solution of 3,3',4,4'-tetrahydro-l,l'-binaphthyl (0.2 g.,
0.775 mmol) in dry benzene (15 ml). It was stirred at room temperature
for 24 hr. Water (15 ml) was added to hydrolyze the mixture. The
organic phase was separated and the aqueous phase was extracted with two
portions of benzene (15 ml). The combined organic phase was washed
with water and dried over anhydrous magnesium sulphate. Removal of
solvent gave yellow oil which solidified on cooling. Recrystallization
of the solid from ethanol/hexane afforded compound (87) or (88) as pale yellowish
plates (0.10 g., 50%), mp 131-133°C (lit.39 mp 129-130°C).
uv Amax nm: 316 (u-: 2.88 x 104), -130 (E: 2.1 x 104).
it (kBr,disc cm-1
cm-1: 1600 (C= C).
nmr (CCl,.) 6, ppm: 1.0-3.5 m, 11H, aliphatic H,
7.20 M2 6H, aromatic H.
7.60 in 1H, aromatic H.
Isomerization of 3,3',4,4'-tetrahydro-l,1'-binaphthyl (64) in
sulphuric acid solution
3,3',4,4'-tetrahydro-1,1'-binaphthyl (64) (0.25 g., 0.97 mmol)
in 70% sulphuric acid (100 ml) was heated with stirring in a water
bath for 4 hr. The mixture was cooled and diluted with water (100 ml).
The precipit.ates were filtered, washed with cold water and dried.
Recrystallization of the crude precipitate from ethanol/hexane afforded
compound (87) or (88) as pale yellowish plates (0.1 g., 40%), mp 131-3°C
(lit.39 129-131°C).
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uv nm : 316 (E: 2.83 x 104), 330( E: 2.2 x 104)max.
ir (kBr,disc)cm-1
• 1600 (C= C)
nmr (CC14) b, ppm: 1.0-3.5 in, 11H, aliphatic H,
7.20 m, 6H, aromatic H.
7.60 m, lH, aromatic H.•
Reaction of 3,3'-bi-indenyliron tricarbonyl (4) with aluminium trichloride
The complex (4) (0.45 g., 1.22 mmol) in dry benzene (20 ml) was
added dropwise to a stirred suspension of freshly sublimed anhydrous
aluminium trichloride (1.0 g., 7.5 mmol) in dry benzene (3 ml) at room
temperature under a nitrogen atmosphere. After 4 hr, cold water (25 ml)
was added to hydrolyze the mixture. The organic phase was then separated
and aqueous phase was extracted with two portions of dichloromethane (15 ml).
Combined organic phase was dried over magnesium sulphate. The resulting
residue after removal of solvent was chromatographed on alumina using
petroleum ether as eluent. The first pale yellow band gave white solid
upon removal of the solvent. Recrystallization from dichloromethane/
methanol afforded anthracene (0.12 g., 55.4%) as white plates, mp
2140C (lit 46 mp 216.10C).
mass spec. (m/e) : 178 (M+)
uv nm : 254 (E: 2.0 x 10 u), 310 (E: 1.55 x 10i),max.
324 (c: 3.16 x 103), 340 (c: 5.8 x 10 3),
356 (c: 9.0 x 103) and 375 (E: 8.8 x 103)
• 7.3 m, 4H, position 2, 3, 6, 7nmr (CC14) b, ppm
7.85 q, 4H, position 1, 4, 5, 8
8.3 s, 2H, position 9, 10.
it (KBr, disc) cm -1: 1620, 1450, 1320.
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Reaction of 3,3'-bi-indenyl (20) with aluminium trichloride
A solution of 3,3'-bi-indenyl (20) (1.20 g., 5.22 mmol) in dry
benzene (15 ml) was added dropwise to a mixture of aluminium trichloride
(2.5 g., 18.7 mmol) in dry benzene (10 ml). The mixture was stirred
at room temperature for 20 hr. Cold water (25 ml) was added to
hydrolyze the mixture. The organic phase was separated and the aqueous
phase was extracted with three portions of benzene (20 ml). The combined
organic solution was washed with water. It was dried over anhydrous
magnesium sulphate and filtered. Removal of solvent of the filtrate
yielded brownish residue. The residue was chromatographed on alumina
using petroleum ether as eluent. The first band yielded oily solid.
Recrystallization of this oily solid in benzene/petroleum ether afforded
trace amount of white plate which had mp 252-255°C and intense
fluorescence under uv light. The amount was too small to carry out
spectroscopic analysis. The second band was brownish solution removal
of solvent from this band gave brownish solid (ca. 0.2 g.). This
brownish solid was difficult to recrystallize it had mp 150-160°C.
The nmr spectrum of this crude solid showed r broad multiplet at
&1.0-3.5 and another multiplet at & 6.5-7.4. The structure of this
compound was still unknown. No anthracene was isolated.
Reaction of 2,3:2',3'-dibenzo-1,l'-bi(cyclohepta-2,7-dienyl)iron
tricarbonyl (6) with aluminium trchloride at room temperature
A solution of the complex (6) (0.3 g., 0.70 mmol) in dry benzene
(15 ml) was'added dropwise to a mixture of freshly sublimed aluminium
trichloride (0.25 g., 1.88 mmol) in 2 ml of dry benzene. The reaction
mixture was stirred for two days at room temperaL rz under nitrogen
atmosphere and hydrolyzed by addition of water (15 ml). The organic
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phase was separated and the aqueous phase was extracted with two
portions of benzene (10 ml). The combined benzene solution was washed
with water, dried over anhydrous magnesium sulphate and filtered.
Removal of solvent of the filtrate afforded starting complex (6)
C 0.2 g., 67%).
Reaction of 2,3:2',3'-dibenzo-l,l'-bi(cyclohepta-2,7-dienyl)iron
tricarbonyl (6) with aluminium trichloride
A mixture of the complex (6) (1.0 g., 2.35 mmol) and aluminium
trichloride (2.0 g., 14.9 mmol) in dry benzene (30 ml) was refluxed
for 6 hr under nitrogen atmosphere. Then the reaction mixture was
cooled and cold water (30 ml) was added to hydrolyze the mixture. The
organic layer was separated and the aqueous layer was extracted with
three portions of benzene (20 ml). The combined organic solution was
washed with water, dried over anhydrous magnesium sulphate and filtered.
Removal of solvent from filtrate in vacuo afforded brown residue. The
brown residue was chromatographed on alumina using petroleum ether
(40-60°C) as eluent. The first band gave yellowish solid (93) (0.02 g.),
mp 152-156°C. Polar solvent (CH2C12: petroleum ether, 1:1) eluted out
the brown band from which red brown solid was obtained. The red brown
solid did not melt up to 280°C and its nmr spectrum (in CC14) showed
no proton signal. It was believed to be inorganic compound.
The structure of compound (93) was undetermined
it (KBr, disc) cm-1 : 2340
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